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THIN, PLANAR HEAT SPREADER 

Brief Description of the Invention 

This invention relates genenilfy to a heat distribution device, such as for use 
with a microprocessor or other microelectromc device. More particularly, this 
invention relates to a thin, planar heat spreader that distributes heat through the use of 
5 a planar capillary fluid path. 

Baclcgmund of the Tnvention 

Semiconductors are continuously diminishing in size. Corresponding to this 
size reduction is an increase in the power densities of semiconductors. This, in turn, 

10 creates beat prolif^tion problems which must be resolved because excessive heat will 
degrade semiconductor performance. 

Heat pipes and theimosiphons have been used to cool semiconductors. Both 
heat pipes and thermosiphons operate on a closed two-phase cycle that utilizes the 
latent heat of vt^oiization to transfer heat. 

15 Thermosiphons are typically implemented as a tube which encloses a fluid. 

When used in relation to a s^conductor, for instance a microprocessor, the first end 
of the thermoaphon, called a vaporizer or evaporator, is attached to a heat generating 
surEice of the semiconductor. The second end of the thermosiphon, referred to as a 
cond^iser, vertically extends firom the semiconductor where it is cooled by ambient air. 

20 In a first cyde, the heat fi^om the semiconductor vaporizes the fluid within the 

thermosiphon. During this vaporization process, the fluid vapor absorbs a quantity of 
heat called the latent heat of vaporization. The vapor formed in the vaporizer is at a 
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higher temperature and hence lugher pressure than the vapor at the condenser. Thus, 
the vapor flows from the evaporator to the condenser. , 

In a second cycle, the vapor condenses on the condenser walls of the 
thermosiphon. The condensation operation results in the release of heat. As a result, 
5 heat is moved from the evaporator to the condenser. Gravitational forces then cause 
the condensate in the condenser to flow back to the evaporator. The two-cycle process 
is then repeated. 

Although the mside surface of a thermosiphon may occasionally be lined with 
grooves or a porous structure to promote the return of the condensate to the 
10 evf^orator or increase the heat tiBnsfer coefficient, thermosiphons principally rely upon 
local gravitational force to return liquid to the evaporator. By definition, then, for 
proper operation, the evaporator of a thermosiphon must be located below the 
condenser. 

Heat pipes operate on the same principle as thermosiphons. One distinguishing 
15 feature of heat pipes is that they utilize some sort of discrete wicldng structure to 

promote the flow of liquid from the condenser to the evaporator. The wicking structure 
allows heat pipes to be used in a horizontal orientation relative to gravity, or even with 
the evaporator oriented against gravity, although the efficiency of the device varies 
gr^ly with different physical orientations. For example, if the device is oriented 
20 against gravity, its perfonnance is reduced by approximately one-half Thus, it is the 
dependence of the local gravitational field to promote the flow of the liquid from the 
condenser to the evaporator that diffo^ntiates thermosiphons from heat pipes. 

The problem with using thermoaphons with microprocessors is that 
thermosiphons require a v^tical orientation ^th respect to gravity. This results in a 
25 btgh profile device. As a result, thermo^phons are difficult to use in compact 
electronic equipment such as pahn, notebook, lap, desktop computers, and power 
supplies. 

Another problem mih the use of thermosiphons is that they are directionally 
sensitive. That is, they must be oriented such that gravity forces condensed fluid back 
30 to the evaporator. Nficroprocessor vendors do not know how a computer user will 
position a computer. For instance, some computers are placed horizontally on desk 
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tops, while others are vertically mounted on floors. A thermosiphon can only operate 
with a single predetermined phy»cal orientation to gravity. ^ 

While heat pipes are not as directionally sensitive, as themiosiphons, they still 
have the disadvantage of requiring a discrete wick structure. The discrete wick 
5 structure is lypicalfy formed ofa screen, sintered metal, or as a set of axial grooves. A 
discrete wick structure adds manu&cturing expense and otherwise mitigates against 
high volume manu&cturing of heat pipes. In addition, a discrete wick structure, such 
as a screen, produces a rdatively high hydrodynamic resistance. Thus, it would he 
highly desirable to provide a heat transfer deWce that is not directionally sensitive and 

10 does not require a high hydrodynamic resistance wick structure. Such a device should 
have a low vertical profile to insure that it can be readily mcorporated into a variety of 
compact electronic equipment. 

Another type of device that is commonly used to reduce the heat probl«ns 
associated with semiconductors is a finned heat sink. A finned heat sink has a 

15 horizontal surface that is attached to a heat generating semiconductor sur&ce and a set 
of fins vertically extending fi-om the horizontal surface. The fins are cooled by ambient 
air. Thus, heat at the horizontal surface conductively migrates to the fins. Typically, 
heat is only generated in a few regions of the horizontal surface ofa finned heat sink. 
Thus, only the fms corresponding to those few regions perform most of the cooling. 

20 To nutigate the problem of localized heat, a relatively thick heat shig can be used to 
improve heat distribution. The problem with this approach is that it substantially 
increases the v^cal profile of the device. In addition, the heat slug is heavy and 
relatively expensive. Consequently, it would be highly desirable to pro\dde a device 
tiut evenly distributes heat along the horizontal surface of a finned heat sink, without 

25 substantially increasutg the vertical profile ofthe semiconductor package. Such a 
device would aUow all of the fins of the heat sink to dissipate heat. Thus, the efficiency 
of the finned heat sink would be improved. 

Fans have also been used to reduce the heat problems associated with heat 
generating surfaces, such as semiconductors. There is typically uneven heat 

30 distribution on the surface or surfiices from which a fan removes heat. A &n operating 
in these conditions is not as efficient as a &n removing heat fix)m a sar&tce with an even 
heat distribution. Moreover, when a fiui is used on a heat gen^^g sur&ce, 
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themiodynainici studies indicate that most air movement produced by the fan is applied 
at the perimeter of the fan. Thus, tt is octremely important to convey heat to the 
perimeter of a heat generating surface. Li view of the foregoing, it would be highly 
desirable to provide a device that evenly distributes heat to a surface or sur&ces 
S exposed to a fan. Optimally, such a device would have a low vertical profile to insure 
its compatibility with compact dectronic equipment. 



Summaiv of the Invention 

A heat spreading apparatus indudes a first planar body for attachment to a heat 

10 generating sur&ce resulting in a hot r^on and a cool region on the first planar body. 
A second planar body connected to the first planar body is used to define a void 
between the first planar body and the second planar body. The void indudes a planar 
capillaiy path and a non-capillaiy re^oa A fhiid portioned within the void distributes 
heat by vaporizing the fluid from the planar capillary path in the hot region, condensing 

15 the fliud in the non-capillary region in the cool regjon, and moving fi-om the non- 
cajrillary region to the planar capillary path in the hot region through capillarity. 

The body is extremely thin, typically less than 2.0 millimeters. Nevertheless, its 
heat distribution characteristics are much better than existing metal heat slugs with &r 
larger vertical profiles. Thus, the deWce is ideally suited for compact electronic 

20 equipment and for use with other cooling devices, such as finned heat ^nks or fans. 

While the device operates in a two-phase cycle, like a thermosiphon or heat 
pipe, it does not have some of the key characteristics of such devices. Unlike a 
thermosiphon, the device of the invention is orientation insensitive. Unlike a heat pipe, 
which has a discrete wide, such as a scre^ or axial grooves, the invention rdies upon a 

25 planar c^illaiy fluid path formed m the body of the device. The geometry of the planar 
cajnllaiy fluid path avoids the relativdy Mgh hydrodynamic resistance wick of existing 
heat pipes. In addition, the configuration of the capillary fluid path, in certain 
embodiments, eliminates the countercurrent viscous shear force between liquid flow in 
the condenser and vapor flow in the evaporator, a problem assodated with easting 

30 heat pipes and thermosiphons. Finally, the configuration of the device facilitates low- 
cost, lugh volume manufacturing. 
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BrirfPescription of tiw Drawings 

For a better understanding of the nature and objects of the invention, reference^' 
should be made to the following detailed description taken in conjunction with the 
accompanying drawings, in which: 
5 FIGURE 1 is a cross-sectional view of a heat spreader formed in accordance 

with one embodiment of the invention. 

FIGURE 2 is a perspective view of a portion of the lieat spreader shown m 
Figure 1. 

FIGURE 3 is a top view of a portion of a heat spreader in accoixiance with an 
10 embodiment of the invention. 

FIGURE 4 is a cross-sectional view taken along the line 4-4 of Figure 3, 
showing fluid within the heat spreader. 

FIGURE 4A is an exploded view of the apparatus of Figure 4. 
FIGURE 5 is an alternate configuration of a portion of a heat spreader in 
1 5 accordance with an embodiment of the mvention. 

FIGURE 6 is a top view of a heat spreader with an extended sur&ce planar 
capillaiy fluid path, in accordance with one embodiment of the invention. 

FIGURE 7 is a cross-sectional view taken along the line 7-7 of Figure 6. 
FIGURE 8 is a top yiew of a dual heat source heat spreader body in accordance 
20 vnth another enobodiment of the inv^tion. 

FIGURE 9 is a cross-sectional %dew taken along the line 9-9 of Figure 8. 
FIGURE 10 is a top view of a quad heat source heat spreader body in 
accordance with another embodiment of the invention. 

FIGURE 11 is a crosfr-sectional view taken along the line 11-11 of Figure 10. 
25 FIGURE 12 is a cross-sectional view of an alternate heat spreader body 

configuradon in accordance with the invration. 

FIGURE 13 illustrates the fluid pattan within the heat spreader body of Figure 
12 when it is vertically oriented with respect to gravity. 

FIGURE 14 is a cross-sectional view of an alternate heat spreader body 
30 configuration in accordance with the invention. 

FIGURE IS is a cross-secdonal view of an alternate dual heat source heat 
spreader body in accordance with the invention. 
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FIGURE 16 illustrates the fluid pattern vnthin the heat spreader body of Figure 
1 5 when it is vertically oriented with respect to gravity. . ■ is^^' 

FIGURE 17 is a top view of the bottom body portion of a "radial" heat 
Spreader configuration in accordance with an embodiment of the invention. 
5 HGURE 18 is a cross-sectional view taken along the line 18-18 of Figure 16. 

FIGURE 19 is an enlarged view of a pordon of the apparatus of Figure 18. 

FIGURE 20 is a side ^ew of the top body portion to be used vnth the heat 
spreader of Figure 19. 

FIGURE 21 is a top view of the bottom body portion of a "circle array" heat 
1 0 spreader configuration m accordance with an embodiment of the invention. 

FIGURE 22 is a cross-sectional view taken along the line 22-22 of Figure 21. 

FIGURE 23 is an enlarged view of a portion of the apparatus of Figure 22. 

FIGURE 24 is a side view of the top body portion to be used with the heat 
spreader of Figure 21. 

15 FIGURE 25 Is a top view of the bottom body portion of a "square matrix" heat 

spreader configuration in accordance with an embodiment of the invention. 

FIGURE 26 is a cross-sectional view taken along the line 26-26 of Figure 25. 
FIGURE 27 is an enlarged view of a portion of the apparatus of Figure 26. 
FIGURE 28 is a »de view of the top body portion to be used with the heat 
20 spreader of Figure 24. 

FIGURE 29 is a top view of the bottom body portion of a "varying size square 
matrix^' heat spreader configuration in accordance with an embodiment of the 
invention. 

FIGURE 30 is a cross-sectional view taken along the line 30-30 of Figure 29. 
25 FIGURE 3 1 is an enlarged view of a portion of the apparatus of Figure 30. 

FIGURE 32 is a croM-sectionai view taken along the line 32-32 of Figure 29. 
FIGURE 33 is an enlarged view of a portion of the apparatus of Figure 32. 
FIGURE 34 is an alternate embodiment of the invention which includes an 
evaporator plateau with triangular condenser re^ons formed thereb. 
30 FIGURE 35 is a plan view of an embodiment of the invention which includes 

perimeter nudeation »te sur&ces in selected regions of the capillary fluid path. 
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FIGURE 36 is a plan view of an embodiment of the invention which includes 
perimeter nucleation site surfeces throughout the capillary fluid path. , 

FIGURE 37 is a plan view of an embodiment of the invention which includes 
nucleation site surfaces over c^illaiy regions and non-capillary regions. 
S FIGURE 38 is a perspective view of an embodiment of the invoition with a 

pedestal member used to provide clearance over capacitors formed on the top of a 
semiconductor package. 

FIGURE 39 is a perspective view of an embodiment of the invention with 
apertures to provide clearance for capacitors formed on the top of a seimconductor 
10 package. 

FIGURE 40 is a perspective view of an embodiment of the invention whei«in 
the apparatus includes an extended sur&oe area and planar heat smk fins formed 
integrally within the plane defined by the apparatus. 

FIGURE 41 is a perspective view of an embodiment of the invention wherein 
IS the apparatus includes a curved body and planar heat sink fins formed integrally v^thin 
the plane defined by the apparatus. 

Like reference numerals refer to correspomUng parts throughout the several 
views of the drawings. 

20 Detailed Desc ription of the Invention 

Figure 1 is a cross-sectional view of a heat spreader body 20 formed with a first 
planar body 22, in the form of a senuconductor package, and a second planar body 21, 
in the form of a lid. The semiconductor package 22 is a standard pin grid array 
package with a semiconductor void 24, which includes bond shelves 26. At the base of 
2S the semiconductor void 24 is a semiconductor 28. Bond wires (not shown) electrically 
couple the semiconductor 28 to the semiconductor package 22, winch inchides mtnnal 
traces (not shown) vwth electrical connections to a set of package pins 30. 

The lid 21 has a physical contour ^ch that when it is attached to the 
semiconductor package 22 it defines a void with a non-capDlary region 32. The non- 
30 capillary r^on 32 uidudes an adtabatic region 44 and a condenser 46. The void also 
includes a planar capillary fliud path 50, which includes an evaporator 51. 
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JJsst produced by the semiconductor 28 migrates to the top of the 
^miconductor package 22. The generated heat is largely applied to the evaporator 5I»' 
of the heat spreader 20. Most of the heat is applied to the bottom surfece 55 of the 
evaporator 51, some of the heat conducts through a heat transfer pillar 53 to heat the 
S top sur&ce 57 of the evaporator 5 1 . Fluid within the evaporator 5 1 absorbs heat and 
v^orizes. The resultant vapor moves through the adiabatic region 44 where it does 
not loose or gain heat. It continues to move to the condenser region 46 where it cools 
and condenses on the interior walls of the dewce. The condensed liquid is then drawn, 
through capillary fluid action, into the planar capillary fluid path 50. That is, the small 
10 dimensions of the device, discussed in d^ail below, result in liquid being drawn by 
capillary action from the non-capillary region 32, in particular the condenser 46, into 
the planar capillary fluid path SO. The planar capillary fluid path SO leads back to the 
evaporator 5 1 . Thus, the two-phase vaporization-condensation cycle repeats itself 
This cycle results in heat produced by the semiconductor 28 being distributed over a 
1 5 relatively large area, instead of bdng localized near the semiconductor 28. 

Observe that the evaporator 51 generally corresponds to the size of the 
semiconductor 28. Similarly, the lid 21 generally corresponds to the size of the 
semiconductor package 22. 

The operation of the invention is more fiilly appreciated with reference to 
20 Figure 2, which is a perspective view of the heat spreader lid 21 . The figure illustrates 
a heat transfer pillar 53, which is formed on an evaporator surface 57 of an evaporator 
plateau 60. The evaporator plateau 60 rises fl'om a non-capillary region surface 62. 
The planar capillary fluid path 50 is also formed above the non-capillary region surface 
62. A fluid path bridge 63 links the planar capillary fluid padi SO with the evaporator 
25 plateau 60. Thus, the planar capillary fliud path SO efEectivdy includes the fluid path 
bridge 63 and the evaporator surface S7 cf the evaporator plateau 60. 

Those ^ed in the art will recognize a number of unique attributes associated 
with the present invention. As indicated above, the dimensions of the device result in 
capillary action from the non-capillary regjon 32 to the planar capillary fluid path 50. 
30 This aq)inary action results regardless of the physcal orientation of the device in 
relation to gravity. Thtu, unlike a thermosiphon which must be used with a single 
orientation to gravity, the device of the invention is not limited in this manner. 

8 



wo 98/227*7 PCr/IJS97/20664 

The planar capillary fiiud path 50 executes a wicking operation associated vrith 
heat pipes. However, unlike existing heat pipes; the wicldng operation does not rely 
upon a separate structure, such as a screen. Instead, the planar capillary fluid path 50 is 
formed out of the body of the device. Thus, the expense associated with prior art heat 
5 pipes is avoided. In addition, the rdatively hi^ hydrodynamic resistance of a discrete 
wick structure is avoided. 

Another advantage of the disclosed apparatus is that the circumferential motion 
of fluid in the fluid path 50 is never directly counta:acted by the motion of vapor in the 
evaporator 51. In most heat pipes and thennosiphons, vapor moves one direction and 

10 liquid moves in an oppoate direction. As a resuh, in these prior art devices a 
countercurrent viscous shear force exists between liquid flow and vapor flow, a 
problem avoided with the embodiment of Figure 1. 

As shown m Figure 1, the size of the heat spreader 20 substantially conforms to 
the size of the semiconductor package 22 to which it is attached. This feature, coupled 

15 with the low vertical profile of the device makes it ideal for use vnth compact electronic 
equipmoit. The low vertical profile also makes the device ideal for use with other 
cooling devices, such as &ns or finned heat sinks. As demonstrated below, the device 
of the invention is &r more efScient at spreading heat than a solid metal slug of 
comparable dimensions. 

20 The heat spreader lid 21 is preferably formed of metal, for example aluminum. 

The heat spreader lid 21 may be soldered or brazed to the semiconductor package 22. 
Preferably, the total vertical clearance of the heat spreader is approximately 2.0 
miliimeters, although the device has been implemented with a vertical clearance of 1.0 
millimeters, and may be impiemoited with a vertical clearance of as much as 10.0 

25 millimeters, after which size and weigjht considerations mitigate against a practical 
device. 

The vertical clearance of the region defining the condenser 46 (and adiabatic 
region 44) is preferably less than 2.5 mm, preferably between and 2.0 mm and 0.5 mm, 
and most preferably approximately 1.25 mm. The vertical clearance of the region 
30 defining the evaporator and the planar capillary fluid path 50 is preferably less than 0.5 
mm, preferably betwerai 0.325 and 0.025 mm, most preferably approximately 0.125 
mm. 
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The vertical clearance of the region defining the evaporator and the planar 
capillary fluid path 50 is relatively fixed, while the vertical clearance of the region 
defining the adiabatic region 44 and condenser 46 is extremely variable. The vertical 
clearance of the adiabatic region 44 is a fiinction of the thermal performance 
5 (permissible pressure drop) reqiured. 

The geometry of the capillary fluid path 50 dictates the ability to supply fluid to 
the evaporator region. There is a limit to the amount of fluid any particular capillary 
geometry can supply, whereby beyond that limit "dry-out" occurs. Once the dry-out 
boundary is exceeded, an immediate and extreme thermal degradation is typically 

1 0 observed. On the other hand, the geometry of the adiabatic region 44 controls the 
effidency of transferring the vapor fi'om the evaporator region to the condenser region. 
The adiabatic geometry is not limited by some "diff fijnction", as in the case of the 
capillary fltud path. A small adiabatic re^on will still allow vapor flow, albeit with 
large reastance. Smce the thermal efSdency (assuming adequate fluid supply) is a 

IS fiinction of the pressure differential between the evaporator region and the condenser 
region, and the pressure differential is a fimction of velocity squared, and the velocity is 
directly proportional to the adiabatic region vertical dearance, the v^cal clearance is 
adjusted to provide the thennal effidency required. Thus, an adiabatic region with a 
vertical clearance of up to 9.0 millimders is extremely efGdent, but such a 

20 configuration requires the total vertical dearance for the heat spreader to be 

approximate 10.0 millim^ers. As discussed above, sizes at or beyond this value 
become impractical. 

The device of the invention may be formed by machining, by stampmg, chemical 
etduQg, chenucal d^ositing or any oth»- technique known in the art. To uisure proper 

25 wetting within the heat spreader 20, the surfaces within the body should be thoroughly 
deaned. The two halves are preferably brazed. Thereafter, standard charging 
techniques are used to place the fluid vnAaa die body. Typically, a vacuum pump is 
then used to remove non-condensible gases from the void. Afterwards, only fluid exists 
in the void. At this pomt the pressure witlun the void is proportional to the vapor 

30 pressure of the fluid at the existing temperature. The body is then sealed to preserve 
conditions in the void. 
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Figure 3 is a top view of a heat spreader body portion 21A. The device of 

Figure 3 is used with a corresponding heat spreader bottom to form a heat spreader 'y\s»>^ 

accordance i^th the invention. In such a configuration, both halves of the device are 

contoured, as opposed to the implementation of Figure 1, where only one body portion 

5 of the device is contoured. 

figure 4 ilhistrates a device 64 constructed with the heat spreader body portion 

21A of Figure 3. The device 64 includes a corresponding heat spreader bottom 21B. 

Thus, Figure 4 can be interpreted as a cross-sectional view taken along the line 4-4 of 

Figures. 

10 Figure 4 also illustrates fluid 66 positioned within the evaporator 5 1 and the 

fluid path 50. Further, the figure ilhistrates the fluid 66 wicldng into the fluid path 50. 
The figure illustrates that there is very little fluid on the walls of the adiabatic region 44, 
and a small amount of fliud on the walls of the condenser 46. 

Figure 4A is an exploded view of the device of Figure 4. The figure ilhistrates 

15 the heat spreader top 21A and the heat spreader bottom 21B. The figure also 

illustrates that the fluid 66 fills the capillary fluid path 50. Thus, the shape of the fluid 
66 is equivalent to the shape of the capillary fluid path SO. Figure 4A also illustrates a 
spacial region 67. The spacial region 67 conforms to the shape of the non-capillary 
region 32. Thus, the spacial re^on 67 can be thought of as the area where vapor 

20 esdsts. As shown in Figure 4 and as discussed below, in addition to vapor, some fluid 
does exist m the spacial region 67. 

Figure 5 is a top view of a heat spreader lid 68. The heat spreader lid 68 of 
Figure 5 includes an evaporator surfece 57 with extended edge surface elements 72. 
Since vapor Really leaves the evaporator surface 57 at an edge, the configuration of 

25 Figure 5 provides an extended sui&ce into the non-capillary r^on 32 to facilitate 
vapor entiy. Figure 5 also illustrates a capiliaiy fluid path SO with extended edge 
surfiu^e elements 76. The extended edge surface elements 76 fadlitate the capUlaiy 
movement of fluid from the non-capillary region 32 to the fluid path 50. A tapered 
surface between the extended edge surface elements 76 and the condwiser non-capillary 

30 region 32 is preferable to facilitate capillary fluid movement. Preferably, all 
embodiments of the invention avoid abrupt surface transitions. 
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Figure 6 illustrates an alternate heat spreader body 80 formed in accordance 
with the invention. The body 80 includes an evaporator plateau surface 57 connected 
to a fluid path bridge 63, which leads to a capillaiy fluid path 50. The capillary fluid 
path 50 includes extended surfece elements in the form of peninsulas 84. The 
5 peninsulas 84 are lai^ger than the extended sur&ce elements 76 of Figure 5, but they 
serve the same purpose of facilitating the capillary movement of fluid from the non- 
capiUaty region 32 to the capillaiy fluid path 50. 

Figure 7 is a cross-sectional view of the device 80 taken along the line 7-7 of 
Figure 6. The capillary path 50 may be observed on either end of the figure. The 
10 peninsulas 84 may also be observed betw^n non-capillary regions 32. 

Unlike the heat spreader lid 21 of Figure 1, which forms a body with a 
semiconductor package, the device of Figures 6 and 7 is a discrete component 
Preferably, the total vertical height of the device of Figure 7 is less than 3.0 mm, 
preferably approximately 2.0 nun. The vertical height of the non-capillary region 32 is 
15 consistent with the previously described embodiment. Similarly, the vertical height 
associated with the path 50 is consistent with the previously described embodiment. 

Figure 8 is a top view of a dual heat source heat spreader body 90. The device 
90 includes a first evaporator sur&ce 57A and a second evaporator surface 57B. The 
first evaporator surfiice S7A is positioned over a first heat source, such as a 
20 semiconductor (not shown), while the second evaporator surface STB is positioned 
over a second semiconductor (not shown). A first fluid path bridge 63 A attaches the 
first evaporator sur^e 57A to the planar capillary fluid path 50, while a second fluid 
path bridge 63B attaches the first evaporator surface 57A to the second evaporator 
surface 57B. Preferably, a single non-CE^illaiy re^on 32 serves both evaporator 
25 regions defined by the evaporator surfiices 57A, 57B. In other words, the non-capillary 
region 32 has an open path between the two ades of the evaporator sur&ces 57A, 57B. 

Figaxe 9 is a cross-sectional view taken along the line 9-9 of Figure 8. Egure 9 
illustrates the planar capillary fluid path 50 at either end of the body 90. The figure also 
illustrates the first evaporator surfece 57A positioned between non-capillaiy regions 32 
30 and the second evaporator evaporator surface 57B positioned between non-capillary 
r^ons 32. 
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Figure 10 illustrates a quad heat source heat spreader body 100. The body 100 
is used in connection with a semiconductor package that houses four semiconductors..!^' 
The body 100 includes a first evaporator surface 57A, a second evaporator surface 
57B, a third evaporator surface 57C, and a fourth evaporator surface 57D, First, 
5 second, third, and fourth fiuid path bridges 63A, 63B, 63C, and 63D are used to link 
the evaporator plateaus to the planar capillaiy fluid path 50. The non-capillaiy region 
32 includes support pillars 102. The support pillars 102 operate as heat transfer pillars. 
The support aspect of the pillars 102 is important to prevent collapse of the non- 
capillary re^on 32 under vacuum conditions. 

10 Figure 1 1 is a cross-sectional view talcen along the line 1 1-1 1 of Figure 10. The 

figure illustrates the planar capillary fluid path 50, the evaporator surfkces 57C and 
S7D, the non-capillary region 32, and the support pillar 102. 

Figure 12 is another embodiment of a heat spreader body 110 formed in 
accordance with the invention. The heat spreader body 11 0 is positioned on a 

1 5 semiconductor package 1 1 1 . A finned heat sink 1 1 4 is positioned on the body 1 1 0. 
The finned heat sink 114 includes a horizontal surface 116 supporting vertical fins 118. 

The heat spreader body 1 10 mcludes a sloping planar sur&ce 1 12 extending 
fix)m the evaporator 51 to the condenser 46 of the non-capillary region 32. The sloping 
planar sur&ce 1 12 may be configured as a fiustum of a cone. liquid m the condenser 

20 46 is drawn back to the evaporator 5 1 by the capillary action of the sloping planar 
sur&ce 1 12. That is, capillary action draws fluid fi-om the relatively large vertical 
clearance of the condenser 46 into the relatively small vertical clearance of the 
evaporator 51. Thus, this embodiment of the invention does not have a perimeter planar 
capillary fhiid path, instead, fiuid is condensed in the non-capillary region 32 and is 

25 then drawn by capillarity into the evaporator 57, without the use of a fluid capillary 
path bridge. The advantage of tlus embodiment is that the fiuid will be drawn into the 
evaporator 5 1 through multiple naturally-formed fiuid capillary paths on sur&ce 1 12. 

Figure 13 illustrates the heat spreader body 110 of Figure 12 in a vertical 
position with respect to gravity. The figure fiirther illustrates the capillary action of a 

30 fliud idthin the body. Capillary action causes the fhiid 120 to surround the heat 

transfisr pillar 53. In addition, capillary action causes an upward extension of fiuid 121 
along the walls of the body 1 10, resulting in a concave fluid shape 122. Figure 13 
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illustrates the directional insensitivity of the device of the invention, this feature is an 
important benefit of the invention. 

Figure 14 is a cross-sectional view of still another heat spreader body 130 in 
accordance with the invention. In this embodiment, the sloping planar surface 1 12 
5 results m a lai;ge vertical clearance at the non-c^illaiy region 32, which is proximately 
positioned to the evaporator 51. The large vertical clearance at the non-capillary 
region 32 results in a rdatively low vapor pressure adjacent to the evaporator 5 1 to 
fiidlitate the vt^iization of fiiud in the evaporator S 1. The sloping planar surface 1 12 
extends to a planar capillary fluid path 50 at the perimeter of the body 130. The shape 

10 ofthe planar c^illary fluid path 50 is shown in Figure 3. However, unlike the 

entbodiment of Hgure 3, in the embodiment of Figure 13, a gentle slope ousts between 
the path 50 and the non-ca]»llaiy re^on 32. 

Figure 15 is a cross-sectional view of a heat spreader body 150 that integrally 
incorporates heat sink fins 152. The heat spreader body 150 is for use with a multi- 

15 chip semiconductor package 140, which houses a first semiconductor 2SA and a 
second semiconductor 28B. The body ISO includes a first heat transfer pillar 53 A 
surrounded by an evaporator 5 1 and a non-capiUary region 32. In addition, the body 
includes a second heat transfer pillar 53B surrounded by an evaporator 5 1 and a non- 
capillaiy regjon 32. Once again, a sloping surface is used between the evaporator 5 1 

20 and the non-capillaiy re^on 32, and thereby enjoys the previously described 
advantages. 

Figure 15 further illustrates a fan 154, including fan blades 156, positioned on 
top of the heat sink fins 152. The positioning of a fan 1 54 on or within heat sink fins 
152 is known in the art. The present invention fiidlitates thb practice by providing a 
25 low vertical profile mechanism to (tistribute heat fiiom the center of a semiconductor 
package to the edge of a semiconductor package vdiere the &n performs the most 
active cooHng. 

Figure 16 illustrates the body 150 of Figure 15 in a vertical position. The figure 
also illustrates the fiiud within the body 150. Ca{MlIaiy action within the void of the 
30 body 150 causes fluid to surround the two heat tiwsfer pillars S3 A and 53B. As 
mentioned previously, when in a horizontal orientation to gravity, the capillary action 
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toward the heat transfer pillars 53 A and 53B will result in multiple natural capillary 
pathsintothe evaporator 51. , 

Figure 17 illustrates a "radial" heat spreader embodiment of the invention. The 
term "radial" refers to the contour of the non-capillary region 32, which exists at the 
5 center of the device and extends from the center in sixteen difierent directions^ in a 
radial pattern. The fluid capillary path SO exists on the perimeter of the dence and 
extends to the center of the device with sixteen different legs 162. The advantages of 
this eihbocUment are the numerous fluid capillary path 50 and non-capillaiy region 32 
edges and the &ct that vapor can easily migrate to practically any region of the radial 
10 non-capiUaiyre^on32. Simikirly, there are many fluid capillary path legs back to the 
center of the device. 

Figure 18 is a cross^ectional view of the device of Figure 17 taken along the 
line 18-18. The figure ^ws the non-capiUary region 32 at the center of the structure. 
Similarly, the figure shows two fluid capillary paths 50 extending into the non-capillary 
15 region 32. Liquid evaporates at the end of these fluid capillaiy paths 50 and enters the 
non-capillary region 32, Then, in most cases, the vapor migrates out to the perimeter 
regions of the non-capillaiy r^on 32. Figure 18 also illustrates heat transfer pillars 53. 
As in previous embodunents, these pillars 53 also operate as support structures. 
Figure 19 is an enlarged view of the center region 164 shown in Figure 18. 
20 Figure 19 illustrates the non-capillary region 32, the end of the fluid capillary paths SO, 
and the heat transfer pillars 53 positioned on the fluid capillary paths 50. 

Figure 20 is a side-view of a top body portion that is used for conneaion to the 
bottom body portion shown in Figure 16. Figure 20 illustrates a recessed region for 
formuig the non-capiUary region 32. In addition, the figure illustrates the ceiling 
25 portion of the fliud capillary paths 50 and heat trans&r pillars S3, which are mated with 
the heat transfer pillars S3 shown in Figure 18. 

Figure 21 is a top view of the bottom body portion of a "circle array" heat 
spreader apparatus 170 in accordance with an embodiment of the invention. In tiiis 
configuration of the invention, the non-capillaiy region 32 is in the form of a large 
30 number of discr^e drcular wells 164. The fluid capillary path SO surroimds each of die 
non-capiUaiy regions 164. Figure 21 also illustrates a large number of heat transfer 
pillars 53. This embodiment of the invention is advantageous because it allows fluid to 
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easily migrate to almost any region of the structure. In addition, the emboctiment 
provides a large number of edge surfaces for fluid to evaporate from the fluid capillar^ 
path 50 and to return to the fluid capillary path 50. Further, the structure has a 
"universal" configuration that is effective with a single chip package, a dual chip 
5 package, or any other type of multi-cMp module. 

Figure 22 is a side view taken alo^g the line 22-22 of Figure 21. The figure 
shows daSknxnt non-cq)illaiy regions 164 surrounded by segments of the fluid capillary 
path SO. The figure also illustrates heat transfer pillars 53 positioned in the fluid 
capillary path 50. 

10 Figure 23 is an enlarged view ofthe region 172 of Figure 22. Figure 23 

iUustrates a non-capillaiy region 164 surrounded by a fluid capillary path SO, which 

indudes heat transfer pillars S3. 

Figure 24 is a top body portion 174 corresponduig to the bottom body portion 

170 of Figure 21. The top body portion 1 74 is configured to mate with the bottom 
IS body portion 170. Thus, the top body portion 174 includes a fluid capillaiy path ceiling 

50 with heat transfer pillars S3 for alignment with the same elements on the bottom 

body portion. 

Figure 25 is a top view of the bottom body portion of a "square matnx" heat 
spreader ^paratus ISO in accordance with an embodiment ofthe invention. In this 
20 enibodiment, the fiind capiUaiy path SO is shaped like a grid and discrete square non- 
capillaty re^ons 166 punctuate the grid. The embodiment also includes heat transfer 
pillars S3. 

Figure 26 is a side view ofthe apparatus 180 taken along the line 26-26 of 
Figure 25. The figure illustrates the fluid capillary path SO surroundmg different non- 
2S c^laiy regions 166. Figure 27 is an enhirged view ofthe region 182 of Figure 26. 
Figure 27 illustrates fluid c(q>illaiy paths 50 surrounding a non-capillary region 166. 
The figure also illustrates a heat transfer pillar S3. A perimeter plateau 184 for 
connection with a lid is also illustrated. 

Figure 28 illustrates a lid 185 for attachment to the apparatus 180 of Figure 25. 
30 The Ud 185 includes a fluid capillaiy path lid portion SO with heat transfer pillars 53, 
which mate with the heat transfer pillars S3 of Figure 25. 
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An advantage of the embodiment of the invention illustrated in Figures 25-28 is 
the ability of fluid to move in linear paths across'the entire surface area of the device. 
In addition, the square configuration provides a relatively large amount of edge area for 
evaporated fluid to escape the fluid capillary path SO and for condensed fluid to return 
5 to the fluid capiOaiy path SO. Further, as in the case of the "circular array" 
configuration of Figures 21-24, the device of Figures 2S-28 has a universal 
configuration that allows it to be effectively used vnth a variety of heat source 
distribution schemes. 

Figure 29 illustrates another heat spreader 200 in accordance -with the 

10 invention. The heat spreader 200 mcludes non-capOlary regions of varying aze. In 
particular, the figure iUustratra small patterned non-capiltaiy regions 202, larger 
patterned non-capillaiy regions 204, and still larger patterned non-capillary regions 
206. The patterned non-capillary regions are generally square in Figure 29, but other 
patterns, such as circles or triangles may also be used. 

IS Figure 30 is a cross-sectional view taken along the line 30-30 of Figure 29. The 

figure illustrates non-capillary regions 202-206 of varying sizes. Heat transfer pillars 
interrupt the difEbrent non-capillaiy re^ons so the diiSerent non-c^illary regions are 
somewhat difficult to identify. This efiiect is more fiiUy appreciated with reference to 
Figure 31. 

20 Figure 3 1 is an enlarged view of the region 208 of Figure 30. Figure 3 1 

illustrates that corresponding heat transfer pillars 53 fi-om two sides of the body meet to 
form a continuous pillar structure. In addition to providing physical support for the 
device and operatmg to conductivdy move heat fi^om one side of the device to the 
other, these pillars are usefiil as condensiqg sur&ces. In other words, they are useful to 

25 form additional condensing area for vaporized fluid. A contoured sur&ce in the non- 
capillary regions may also be used to provide additional condensing area far the 
vaporized fluid. 

Figure 32 is a cross-sectional view taken along the line 32-32 of Figure 29. The 
figure illustrates non-capillary re^ons 202-206 of varying size. Note that in this figure 
30 the different non-capillary regions are not divided-^ip by heat transfer pillars 53. 

Figure 33 is an enlarged view of the region 210 of Figure 32. Figure 33 
iUustrates evaporator re^ons 51 formed between non-capillary regions 202. Observe 
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once again that this figure is taken along a line that does not include heat transfer pillars 
53. , ^' 

Figure 34 illustrates another heat spreader 220 in accordance with the 
invention. The heat spreader 220 includes a non-capillary region 32 surrounded by a 
S capillary fliud path 50. The capillary fluid path 50 includes extended sur&ce dements 
222. The capillary fluid path 50 leads to a capillary fluid path bridge 223, which 
terminates in an evaporator plateau 224. The evaporator plateau 224 has a set of non- 
capillary regions 226. In this embodiment, each non-capillary region 226 is in the form 
of a triangle. Figure 34 illustrates that different implementations of the disclosed 

10 invention m^y be combined to construct an optimal device for a particular application. 

Figure 35 is a plan view of another embodiment of the invention. The device 
240 of Figure 35 generally coiresponds to the device 160 of Figure 17. However, in 
Figure 35, the edges 244 of the capillary fluid path 50 in a heat generating region 242 
are treated surfeces. As used herein, a treated surface is a surface whose characteristics 

15 have been modified, for example, to include nucleation sites for the promotion of 
boiling, to include a coating for enhandng fluid wettability, to include a coating for 
surface passivation (rendering the wetted surface passive to oxidation or chemical 
attack from the fluid), or to include nucro surface fissures for enhanced opllary flow. 
Micro sur&ce fisaires l^en the abrupt boundary between the capillary fluid path and 

20 the non-capillaty region (the adiabatic and condenser re^ons). Micro fissures m the 
adiabatic surface near the evaporator r^on will cause fluid to migrate fi-om the fluid 
capillary path to the micro fissures by the previous^r described capillary physics. This 
fluid will evaporate, thereby extending the evaporation (cooling) area. The micro 
fissures in the adiabatic sur&ce near the condenser r^on aid in returning condensed 

25 fluid to the capillaiy fluid patii. This results in a thinner Kquid layer on the atUabadc 
surfiice, reducing the thermal resistance through the liquid layer. 

A nucleation sur&ce is generally a roughened sur&ce. The sur&ce may be 
formed by sandblasting, laser etching or other technique that leaves a rough sur&ce or 
a sur&ce with small pockets in it. 

30 Figure 36 illustrates a device 250 witii a treated sm&ce along all of the capillary 

fluid path sur&ces 50. The device 260 of Figure 37 illustrates that both the non- 
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capillaiy region 32 and the entire fluid capillary path 50 may be formed with a treated 
surface 262. >s 

Figure 38 is a perspective view of another embodiment of the invention. The 
device 270 of Figure 38 has a pedestal 272 so that the remaining portion of the heat 
5 spreader 270 clears any objects adjacent to a heat generating sur&ce. For example^ the 
semiconductor package 274 indudes a set of on-board capacitors 276. Thus, the 
pedestal 272 is used to dear the on-board capacitors 276. Preferably, the pedestal 272 
is integrally formed with the remainmg portion of the device 270. The pedestal 272 
may be solid metal. 

10 Figure 39 is a perspective view of another embodiment of the invention. In this 

embodiment, the heat.spreader 280 is punctured with apertures 282. The apertures 282 
allow protruding devices, such as on-board capacitors 276 of the semiconductor 
package 274, to extend through the heat spreader 280. 

Figure 40 is a perspective view of a heat spreader 290 formed in accordance 

15 with another embodiment of the invention. The heat spreader 290 is positioned on 
semiconductor package 292, which includes on-board capacitors 294. The heat 
spreads: 290 extends from the surface of the semiconductor package 292 into a cooling 
r^ton. For example, if the semiconductor package 292 is positioned in a lap top 
computer, then the heat spreader 290 may extend beyond the semiconductor package 

20 292 underneath the keyboard ofthe lap top computer The interior portion of the heat 
spreader 290 includes a capillary fluid path and non-capillary re^ons as described 
above. The heat spreader 290 also includes heat fins 296. Preferably, the heat fins are 
not part ofthe interior portion of the heat spreader 290; that is, they do not have fluid 
drculating in them. Observe that the heat fins 296 are fbrmed in the same plane as the 

25 heat spreader 290. This configuration is in contrast to prior art devices where the heat 
fins are orthogonal to the heat spreading surface. 

Figure 42 is a perspectKre view of a heat spreader 300 formed in accordance 
with another embodiment ofthe invention. As in the previous embodiment, the heat 
spreader 300 is portioned on a semiconductor package 292, wluch mcludes on-board 

30 capadtors 294. The heat spreader 300 indudes a curved or bent region 302, which 
terminates in an ortiiogonal surfiice 304. Fltud drculates in capillary fhiid path and 
non-capillaiy re^ons of the device 300. In particular, fluid continuously circulates 
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from the horizontal re^on of the device 300, through the bend 302, and through the 
orthogonal surface 304. The device 300 also includes heat fins 306. Selected heat fit^' 
306 include apertures 308, which may be used to attach a fan (not shown) to the 
Orthogonal sur&ce 304. 
S Obsove that in each embodiment of the invention, the planar capillary fluid path 

is a continuous sur&ce. That is, it is continuous in the sense that the fliud can move 
over the entire surface. Li other words, fliud can move from any region on the surfece 
to any other region on the sui&oe. 

Another noteworthy aspect of the invention is that most embodiments result in 
10 a substantially square t^paratus. As used herdn, the term substantidfy square refers to 
a length-to-width ratio of approximately 20:1, more preferably of approximately 2:1, 
and most preferably of approximately 1:1. Most prior art heat pipes and thermosiphons 
are configured as tubes. 

The invention is unique in that the capillary fluid movement is established by a 
15 planar capillary defined in two adjacent horizontal planes. In prior art heat pipes, 
capillary fluid movement is typically established through grooves formed in a surfece. 
In other words, small vertical walls are fbnned in a horizontal sur&ce to establish 
capillary fluid movement Vertical surfaces are not used in the present bivention to 
establish c^illaty fluid movement. Instead, capiliaiy fluid movement is established by 
20 the top (ceiling) and bottom (floor) surfeces of the planar capillary path. 

The following table compares the heat spreading ability of various solid 
materials with that of the embodiment of the invention shown in Figure 17. 



TABLE I 



Material Weight 
Feribrmanoe 

(Grams) 

Copper/ 

Tungsten (13/87) 81.0 

Molybdenum (99.9%) 50.5 

Aluminum 6061 13.4 

Gold (99.9%) 95.2 

Copper (OFHC) 44.1 

Silver (99.9%) 51.8 



Thermal Thermal 

Conductivity Resistance Factor 
(W/m/K) CcAV) 



210 0.882 1.0 

146 1.268 0.70 

180 1.028 0.86 

317 0.584 1.51 

391 0.473 1.86 

429 0.432 2.04 
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Diamond (La.) 17.4 1,850 0.100 8.82 

Invention 39.8 4,512 0.041 21.51 



The performance fector is normalized with respect to copper/tungsten. All heat 
5 spreaders measure 71.0 mm x 71 .0 mm x 1 .0 mm. All heat spreaders had a 19,0 mm x 
19.0 mm square heat source centered on one side, and a 7.0 mm wide finned heat sink 
around the perimeter of the opposing side. The invention was imqplemented with 
molybdenum and included a non-capDlaiy r^ion with a depth of 1.0 mm and a capillary 
path with a depth of 0.125 mm. The device was charged with 0.329 cc of water. In 

10 general, the apparatus of the invention should be charged to an overfill condition of 
approximatefy 20%. That is, the liquid that does not fit in the fluid capillary path when 
the fluid capillary path is filled should constitute approximately 20% of the total liquid 
within the device. In general, the invention is implemented by using 0.007 cc of fluid 
per cm^ of sur&ce area of the device. 

15 The outstanding thermal conductivity characteristics of the apparatus of the 

invention allows the invention to be implemented in a variety of materials. In other 
words, since a large percentage of the thermal conductivity performance is attributable 
to the heat of vaporization, the particular material used to implement tiie invention is 
not as cnicial jfrom a thermal conductivity standpoint. Instead, the material may be 

20 selected on the basis of cost, coefiident of thermal expansion, or other factors. One 
low cost implonentation of the invention is in plastic, provided a hermetic seal is 
supplied. 

The fluid within the planar capillary fluid path moves very quickly during steady 
state operation. Typically, the fluid moves at a speed of between 25 and 200 mm/s. 

25 This speed is dramatically ^ter than any device that uses a wick. This characteristic of 
the invention is partiy responsible for the outstanding thermal <ti5tribution performance. 

The foregoing descriptions of specific embodiments of the present invention are 
presented for purposes of illustration and description. They are not intended to be 
ediaustive or to limit the invention to the predse forms disclosed, obviously many 

30 modifications and variations are possible in view of the above teachings. The embodi- 
ments were chosen and desoibed in order to best explain the principles of the invention 
and its practical applications, to thereby enable others skilled in tiie art to best utilize 
the invention and various embodiments witii various modifications as are suited to the 
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particular use contemplated. It is intended that the scope of the invention be defined by 
the following Claims and their equivalents. . , .«;^" 
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m THE CLAIMS: 

.-. - *^ 

1 . A heat spreading apparatus, comprising: 

a first planar body for attachment to a heat generating surface which results in a 
5 hot region and a cool region on said first planar body, 

a second planar body connected to said first planar body to define a void 
between said first planar body and said second planar body, said void including a planar 
capillary path and a non-capiliary region; and 

a fluid positioned withm said void for distributmg heat by vaporizing said fluid 
10 fi-om said planar capillary path in said hot r^on, condendng said fluid in said non- 
capiilaiy region in said cool region, moving torn said non-capillaiy region to said 
planar capiUaiy path in said hot region through capillarity, and movmg to said hot 
r^on through capillarity. 

15 2, The apparatus of claim 1 wherein said planar capillary path includes a bottom 
planar capillary surface and a corresponding top planar capillary surfece, said bottom 
planar capillary sui£ice bdng vertically positioned with respect to said top planar 
capillary surface to produce said capillarity. 

20 3. The apparatus ofclaim 2 wherein the vertical distance between said bottom 
planar capillary surface and said top planar capillary sur&ce is less than O.S mm. 

4. The apparatus of claim 2 wherein said bottom planar capillary surface is a 
continuous sui&ce and said top planar capillary sur&ce is an aligned continuous 

25 sur&ce. 

5. The apparatus of claim 1 wherein sud first planar body and said second planar 
body are each in a substantially square configuration. 

30 6. The apparatus of claim 1 further comprising a heat removal device attached to 
said second planar body, said heat removal device being selected torn the group 
including a finned heat sink and a fim. 
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7. The apparatus of claim 1 whrardn said first planar body and said second planar 
body have a combined vertical height of less than 10 mm. , , 3? 



8. The apparatus of claim 1 wherein said first planar body forms a floor of said 
5 void and said second planar body fonns a ceiling of said void, the vertical distance 

between said ceiling and said floor at said non-capillaiy region is less than 9.0 mm. 

9. The apparatus of dami 1 wherein the amount of fluid within said void is 
approximately 0.010 cubic centimeters per cm^ of surface area of said apparatus. 

10 

10. The apparatus of claim 1 wherem said non-capillary re^on is configured to 
mdude a center region with members extending therefi-om in a radial configuration. 

1 1 . The apparatus of claim 1 wherein said non-capillary region includes a plurality 
15 of non-capilUiry regions each shaped in a predetermined pattern that is surrounded by 

said planar capillary path. 

12. The apparatus of 1 1 wherem said plurality of non-capillary regions have varying 
sizes. 

20 

13. The apparatus of chum 1 1 wherem s^d predetermined pattern is a square. 

14. The apparatus of dami 1 1 wherein said predetermined pattern is a circle. 

25 15. The apparatus of claun 1 1 wherein said predetermined pattern is a triangle. 

16. Hie apparatus of claun 1 wherem said planar capillary path includes a perimeter 
surfoce, a fluid path bridge, and an evaporator plateau. 

30 17. The apparatus of daun 16 wherein said evaporator plateau includes a plurality 
of non-c^illaiy regions each shaped m a predetermined pattern. 
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18. The ai}paratus of claim 1 wherdn said planar capillary path includes extended 
sur&ce elements. .. . s^' 



19. The apparatus of claim 1 wherdn said surfaces of said void include nucleation 
5 sites. 

20. The apparatus of claim 19 wherein said nucleation ^tes are positioned only on 
the perimeter of said planar capillary path. 

10 21, The apparatus ofclum 20 wherdn said nucleation »tes are positioned only on 
the perimeter of said planar capillary path positionally corresponding to said heat 
generatiitg surface. 

22. The apparatus of claim 1 wherein said first planar body includes a pedestal to 
15 vertically lift a portion of said first planar body above said heat generating surface. 

23. The apparatus of claim 1 wherein said first planar body and said second planar 
body inchide apertures to accommodate sur&ce protrusions on said heat generating 
sur&ce. 

20 

24. The apparatus of claim 1 fiirther comprising heat dissipation fins formed hi the 
plane defined by said first planar body and sud second planar body. 

25 25. The apparatus of daim 1 wherdn said first planar body and said second planar 
body indude a curved region. 

26. The apparatus of claim 25 wherdn sdd curved region causes said first planar 
body and mi second planar body to exist in both a horizontal plane and a vertical 
30 plane. 
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